Introduction
Heating or cooling techniques have been widely exploited in numerous fields inclusive of manufacturing, transportation, and production of thin-film solar energy collector devices. Nevertheless, it is relatively difficult for high-energy devices to achieve desired cooling rate by virtue of the unsatisfactory thermal performance of the conventional fluids. Latest methods like abrasion, clogging and additional pressure loss have been suggested to prevail the short coming, however none of them demonstrates prolific outcome [1] . An engineered colloid known as nanofluid, being composed of the combination of solid-liquid particles was acclaimed to boost the thermal properties of the conventional fluid. It comprises of extremely small nanometer-sized particles called as nanoparticles that disseminated in the conventional fluids of low thermal conductivity. Some examples of nanoparticles include oxides (Al 2 O 3 , CuO, TiO 2 , SiO 2 ), metals (Al, Cu), nitrides (AlN, SiN), carbides (SiC), or non-metals (graphite and carbon nanotubes), whereas organic liquids (tri-ethyleneglycols, ethylene, refrigerants, etc.), water, polymeric solution, bio-fluids, oil and lubricants, and other liquids are the conventional fluids. Nanofluid has also been experimentally corroborated by many in enhancing the thermal performance of the conventional fluids. This include the experiment conducted by Eastman et al. [2] , whereby the thermal conductivity of water was upgraded to nearly 60% with the suspension of only 5% volume of copper oxide particles. In another study, Eastman et al. [3] discovered that the ethylene glycol containing copper nanoparticles have significantly improved the thermal conductivity in contrast to the ethylene glycol containing oxide particles. It is evident that with 0.3% volume of copper nanoparticles, the thermal performance of ethylene glycol has improved about 40%. Afterwards, Choi et al. [4] revealed that the dispersion of 1% volume of nanotubes has remarkably increased more than 2.5 thermal conductivity ratio of oil. The study was continued theoretically since then, including the flow analysis of the nanofluid model from the vertical plate and the stretching sheet by Kuznetsov and Nield [5] and Khan and Pop [6] on the respective vertical plate and the stretching sheet. The nanofluid model considered was the idea of Buongiorno that adapted the Brownian motion and thermophoresis diffusion parameters. Several attempts concerning this fluid model may also be found from the works [7] [8] [9] and many investigations in that.
Among the conventional fluids documented in the publications, the simple but elegant Jeffrey fluid model has been taken into account as a conventional fluid. This fluid model is categorized into the non-Newtonian fluid, where its rheological behavior is not anymore applicable to the Navier Stokes equation and its attributes are insufficient to be foreseen by a single relation. The manifestation of the two relaxation and retardation times effects in the Jeffrey fluid model is among the primary characteristic that differentiate it from the remaining fluids. This model also determines time derivatives as the substitutes for the convected derivatives. In particular, the Jeffrey nanofluid model from a convectively heated stretching sheet was attempted by Shehzad et al. [10] . They noticed that the increase of Biot number values led to the improvement of the temperature and nanoparticles concentration profiles. In another study, Dalir et al. [11] investigated the entropy generation effect for magnetohydrodynamic flow of Jeffrey nanofluid over a stretching sheet. The entropy generation number was concluded to strongly vary due to the variation of the Lewis number and thermophoresis diffusion parameters. The impacts of double stratification and thermal radiation in the Jeffrey fluid with suspended nanoparticles on a stretching sheet were discussed by Abbasi et al. [12] . The reduction of temperature and nanoparticle concentration was observed following the elevation of the stratification of the thermal and nanoparticle concentrations. Recent development of this fluid model may be retrieved in the published studies by Hayat et al. [13] and Sharma and Gupta [14] .
In respect to the flow analysis from a horizontal circular cylinder, Merkin [15] deliberated the mixed convection flow problem due to a viscous fluid. The boundary layer separation was described comprehensively for the cases of cooled and heated cylinders over dissimilar values of mixed convection parameter. His study has revealed that the boundary layer separation comes to be delayed when mixed convection parameter gets larger. Similar analysis was also discoursed by Nazar et al. [16] and Anwar et al. [17] in the respective micropolar and viscoelastic fluids. Their studies have exposed that the separation of boundary layer flow hinges on the fluid under exploration. Considering the Newtonian heating condition in a viscous fluid, Salleh et al. [18] revealed that the escalation of mixed convection parameters has brought the separation point closer to the lower stagnation point, which found to be opposite to that of Merkin [15] , Nazar et al. [16] and Anwar et al. [17] . Furthermore, the convectively heated nanofluid with porous medium was addressed by Rashad et al. [19] , where the boundary layer separation was concluded to encounter singularity at 120 . x  Following Rashad et al. [19] , Tham et al. [20] directed their study on the constant wall temperature. They found that the boundary layer separation was surpressed between 0 180 ,
than what was acquired by Rashad et al. [19] . It should be noted that majority of the studies highlighted the Jeffrey nanofluid model from the stretching sheet. On the other hand, investigation on the Jeffrey nanofluid from a horizontal circular cylinder has been scant. Thereupon, the current study focuses on the problem pertaining to suspended nanoparticles on mixed convection flow of a Jeffrey fluid passing over a horizontal circular cylinder with the viscous dissipation effect. Here, the presence of viscous dissipation cannot be overlooked particularly when dealing with highly viscous fluid or during rapid movement of the fluid. In fact, the convective heat transfer is predominently being governed by the rheological behaviour of fluid.
Problem Formulation
According to Qasim [21] 
In the above equations, the ratio of heat capacity of the nanoparticle to the fluid and the velocity outside the boundary layer are denoted as
whereas the velocity components along the x  and y  coordinates are symbolized as u and , v respectively. Besides, the respective ratio of relaxation to retardation times, relaxation time, thermal expansion, concentration expansion, thermal diffusivity, kinematic viscosity, fluid density, local concentration, specific heat capacity at a constant pressure, local temperature, Brownian diffusion coefficient and thermophoretic diffusion coefficient are indicated as (1) to (4) are subjected to the following boundary conditions
as
The above mathematical model can be furthered non-dimensionlized using the subsequent variables
Using Eq. (6), Eqs. 
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In consequence of the above equations, we let 
Next, we look for these variables to solve Eqs. (7) to (11) Eq. (7) is automatically achieved and the resulting PDEs together with the related boundary conditions are
Note that primes infer the differentiation with respect to the variable . y Also, we found that Eqs. (12) to ( 
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The non-appearance of parameter Ec in Eq. (17) clearly signifies that the profiles for velocity, temperature and concentration are no longer being influenced by Ec at the stagnation point of the cylinder. Further, the reduced Nusselt and Sherwood numbers are now given by Tables 1 to 3  on the velocity field. In Figure   2 , the velocity field is accelerated due to parameter .  The reason is that increasing  indicates the enhancement of relaxation time that simultaneously weakens the retardation time. As such, the velocity field, together with the thickness of momentum boundary layer, display improvement. However, parameter 
Results and Discussion

Figures 2 to 15 and

In Figure 6 , a significant growth of the temperature profile is observed along with the increment of . Nb Physically, Nb is defined as the suspended particles that move randomly in the fluid, which is predominantly instigated by collision among fluid molecules or quick atoms. This collision tends to heighten as Nb increases and consequently, intensify the temperature field. Likewise, Figure 7 depicts a considerable development of the temperature field with the increment of . Nt The augmentation of Nt generates a stronger thermophoretic force that permits a broad passage of nanoparticles from the hot surface of the cylinder. Accordingly, a particle free-layer is formed in the vicinity of the surface, whereas the spreading of nanoparticles is reinforced on the outside. D is then linked with the lower concentration field. Likewise, a slight decay of concentration field is attributable to the increasing , Nb as exposed in Figure 9 . This is physically caused by the Brownian impact in which nanoparticles are transported randomly under diverse velocities. [24] . This circumstance relates with the dissipation generated by the shear stress in the fluid at the cylinder surface, where the cylinder is understood to not cool anymore, but continuously takes up heat regardless of its higher wall temperature than the ambient temperature. Such 'self-heating temperature' outcome is therefore expected to induce the drop in heat transfer. Furthermore, it is also identified that the graphs for velocity, temperature and concentration fields are unique because of termination of Ec at the lower stagnation point. Therefore, these graphs are not put forward for further discussion. Also, for increasing Nb and Ec values, the numerical computation discloses that Figures 12 to 15 worth to highlight here that these behaviors are also in line with those reported by Merkin [15] , Nazar et al. [16] and Rashad et al. [19] . As depicted from these tables, the separation of boundary layer and there exists a point in which the upwards stream flow does not have the ability to defeat the fluid tendency near the cylinder to passage underneath due to the buoyancy force effect. This situation is considered as unstable, hence either a boundary layer transpires on the surface of the cylinder is still an unanswered question [15, 25] . 
Conclusion
This paper presents the influence of viscous dissipation on the mixed convection boundary layer flow induced by a horizontal circular cylinder filled in a Jeffrey nanofluid. In general, this study has exposed the effects of parameters 
